► To ensure the reliability of the data used in analysis, the disease name as listed in the medical claim data was compared with the drugs prescribed for HF, and only those subjects for whom the comparative data matched were extracted. ► Analysis matching medical costs for HF patients with the specific examination results enables the clarification of the relationships between users with high medical costs and specific health examination items. ► Our limitations relate to the generalisability of our study's analysis results, as subjects were limited to beneficiaries of National Health Insurance and their ages to 40 to 74 years, the eligible age-range for specific medical examinations.
Strengths and limitations of this study
► To ensure the reliability of the data used in analysis, the disease name as listed in the medical claim data was compared with the drugs prescribed for HF, and only those subjects for whom the comparative data matched were extracted. ► Analysis matching medical costs for HF patients with the specific examination results enables the clarification of the relationships between users with high medical costs and specific health examination items. ► Our limitations relate to the generalisability of our study's analysis results, as subjects were limited to beneficiaries of National Health Insurance and their ages to 40 to 74 years, the eligible age-range for specific medical examinations.
AbStrACt
Objective We describe the characteristics of patients with high medical costs by matching specific annual medical examination results and medical claim data. Clarifying the relationships between examination items and high medical costs allows the screening of high-risk persons.
Design A cross-sectional study.
Subjects Subjects were persons insured by national health insurance in Hiroshima City, Hiroshima Prefecture, from April 2016 to March 2017. To identify true heart failure (HF) patients, the disease name listed in the medical claim data was compared with drugs prescribed for HF, with extraction of only subjects whose comparative data matched. Data collection and analysis The specific health examination includes a questionnaire on areas such as lifestyle habits, anthropometry, blood pressure, blood tests and urine tests. The percentage of the total medical costs related to the medical care of subjects with HF was described using Pareto analysis. For specific health examination items, we compared the high-cost and lowcost groups. The normality and homoscedasticity of each variable was checked and Student's t-tests and χ² tests were applied. Finally, multiple logistic regression analysis was used to detect factors in the health examination items related to high medical costs.
results Pareto analysis showed that 80% of all medical costs were paid by 30% of the HF patient population. The fees for cardiovascular surgery accounted for 54% of the total surgical cost, 64% of which included preventable diseases. Levels of creatinine (Cr) and γ-glutamyl transpeptidase (γ-GTP) and a history of smoking were found to be related to high medical costs. Conclusion Analysis of specific health examination results for HF patients revealed the association between high medical costs, γ-GTP, Cr, and smoking. These results can thus serve as a reference for screening persons at high risk of HF and help prevent the exacerbation of HF.
IntrODuCtIOn
Heart failure (HF) constitutes a serious problem worldwide due to its high prevalence and places a burden on families and health due to its high mortality rate and medical costs. [1] [2] [3] Approximately 979 000 people in Japan were diagnosed with HF in 2005, and given Japan's ageing population, HF patients are projected to increase to 1.3 million by 2030. 1 Meanwhile, although certainly not in all cases, HF is a preventable pathology with acute exacerbation. Hence, early diagnosis of risk factors by healthcare providers is crucial to taking appropriate measures to prevent or delay the onset of HF. 4 The advantages of prevention services for HF have been reported in the Netherlands, 5 where a screening programme for chronic diseases implemented among residents diagnosed 44% of the respondents with HF, leading to optimal treatment. Given the rise in general life expectancy plus the increasing hospitalisation rates for HF, the establishment of new healthcare delivery system models that effectively control HF risk factors is required for
Open access timely care to prevent hospitalisations and to postpone HF-related deaths. 2 In Japan, medical insurers are obliged to monitor the health conditions of their beneficiaries. Therefore, medical insurers perform health promotion and lifestyle health check-ups to identify people at risk of developing metabolic syndrome. Persons eligible for check-ups provided by medical insurers are the insured and their dependents aged between 40 to 74 years old. Although decisions regarding which specific items to include on the check-up are left to the discretion of each local government, tests and examinations are carried out in accordance with Japanese law. 6 One problem that the medical community has experienced is that there is no item on the 'specific health examination' (the term used for the examinations described above) to confirm HF biomarkers or any previous history of the condition. Therefore, opportunities to provide health guidance and consultations at medical institution for people screened with HF have unfortunately been missed. Initially, it is essential to include items related to HF on the specific medical examination. However, we first attempted to define the characteristics of those with HF based on the particular health examination items currently available. More than half of HF patients are latestage adults aged over 75 years, 3 but early detection, early treatment, and management among young adults and during the first stage of older adulthood (40-74year-old patients) are essential to reduce severity and optimise medical costs. 4 Therefore, this study aims to clarify the characteristics of HF patients incurring high medical costs by matching the disease name, medical records, medical fees, and specific health examination results. We believe that this is particularly relevant, as we can then establish new health guidance to clarify the characteristics of patients with HF in both low-cost and high-cost situations using detailed health examination results and health insurance claim data. As a cross-sectional study, this study aims to clarify the characteristics of patients with HF with reference to high medical costs resulting from the matching analysis of health insurance costs with specific health examination results, applying a specification of 'HF' as obtained in exploratory fashion from health insurance claim data. Furthermore, based on the resulting HF characteristics, we seek to clarify specific health examination results related to high medical costs, findings which can help to establish and improve systems to provide professional guidance to persons at high risk of HF.
MethODS

Study design and subjects
A cross-sectional study design was used to identify the characteristics of the patients with HF through a matching analysis of health examination results and health insurance claim data. As it is challenging to confirm a diagnosis of HF using medical claims, subjects were considered HF patients if they had a history of using diuretics or beta blockers. Pharmacological treatment was used as a criterion to confirm HF, because, in Japan, oral diuretics and beta-blockers are recommended for HF treatment. 7 In order for subjects to be eligible for enrolment in this study, we set the following criteria: 1) Persons who had National Health Insurance in Hiroshima City, Hiroshima Prefecture, from April 2016 to March 2017, and who were diagnosed with HF according to the International Classification of Diseases (ICD 10 code: I 500 Congestive heart failure, I 509 Heart failure, I 501 Left heart failure, I 110 Hypertensive heart disease with heart failure, I 099 Rheumatic heart failure) in medical claims, and used the drugs prescribed for HF. The disease name listed on detailed examination information forms (herein called 'medical claim data') is not necessarily the true name of the diagnosed disease, as a temporary name is often used for laboratory and other testing purposes; 2) persons incurring high medical costs aged from 40 to 74 years; 3) persons who were either self-employed, working in agriculture or fisheries, part-time workers, or unemployed. Subjects without an HF diagnosis were excluded from our study based on the disease name stated on the medical claims and their non-use of HF therapeutic agents.
Procedure for data collection and target selection
The variables of interest were the core items of the specific health examination. These core items include a questionnaire on areas such as lifestyle habits, anthropometry (height, weight, body mass index (BMI), abdominal circumference), blood pressure, blood tests (complete blood count, lipids, liver and kidney function and blood glucose (glycaemia or HbA1c)), and urine tests (glycosuria and proteinuria). National Health Insurance in Hiroshima City provided coverage for a total of 203 782 persons aged 40-74 years old. Of this number, 6577 (3.2%) met the operational definition of HF and were included in the sample for this study (figure 1).
Pareto analysis was conducted to identify the highcost group; after sorting the costs in descending order from high to low, the ratio of accumulated costs to total costs was calculated. In addition, the percentage of the cumulative number of participants vs the total number of participants was calculated. Pareto analysis is used in the medical field to clarify how much a portion of high-level elements contributes to the whole. 8 This group incurred 80% of all medical costs, and 30% (1,979) of the patients with HF accounted for 80% of all medical costs associated with HF. Based on these observations, we divided medical costs into two groups: a 'highcost group' consisting of 1979 insured patients (30%) who used 80% of all medical costs, and the remaining 4598 users (20%), classified as the 'low-cost group' (figure 1).
In addition, we extracted health check-up data from both of these groups. As a result, 99 subjects from the high-cost group and 539 subjects from the low-cost group were included in our analysis. We compared and analysed the health check-up results for these two groups. 
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Patient and public involvement
No patients were involved.
ethical considerations
The insurer of Hiroshima City provided us with data, and the analysis was conducted on an opt-out basis. The optout information was posted from the Hiroshima University website to public domain. For medical insured persons (Hiroshima City), in conformance with the City's Personal Protection Regulations, this study was performed as a joint study with Hiroshima University as a part of the city's healthcare policies. Approval for this study was obtained from the ethics committee of Hiroshima University. Analysis results will be published in scientific papers and given to the beneficiaries as demanded.
Data analysis
Analysis of medical costs using health insurance claim data The percentage of the total medical costs related to the medical care of subjects with HF was determined using Pareto analysis. Pareto analysis techniques were used to rearrange total medical-care cost data in descending order and calculate the ratio of increasing value to total cost. Based on the results of the Pareto analysis, high-spending medical care beneficiaries were defined as those incurring the top 80% of medical costs, henceforth called the 'high-cost group', and beneficiaries incurring the lowest 20% of medical costs under the category 'consumers' comprised the low-cost group.
Differences by age between the low-cost group and the high-cost group were compared with a Student's t-test, whereas differences by gender were examined with a χ² test. We classified the subjects as either 'older adults' (subjects aged 65 to 74) or 'young adults' (those aged 40
Open access to 64 years old), and compared the names of the main diseases of hospitalisation in the low-cost and high-cost groups. Mann-Whitney's U test was used to compare medical costs (annual medical costs by hospitalisation/ outpatient, annual hospitalisation days, number of outpatient days, and yearly medical costs by clinical practice).
Analysis of specific health parameters and clinical biomarkertest results
We compared the high-cost and low-cost groups for specific health examination items. In our analysis, we examined the normality and homoscedasticity of each variable and used Student's t-test and χ² test. Finally, multiple logistic regression analysis was used to determine factors from the health examination items related to high medical costs. In the selection of independent variables, after omitting variables with many missing points, multiple collinearities were assessed beforehand in an interphase matrix, and variables showing a Pearson's correlation coefficient of 0.8 or more were excluded. The dependent variables were the group (1: high-cost group; 0: low-cost group), and the independent variables were body mass index (BMI), systolic blood pressure, smoking, glutamic pyruvic transaminase (GPT), γ-glutamyl transpeptidase (γ-GTP), creatinine (Cr), urine protein, blood glucose, and haemoglobin (Hb). For adjustment of confounding factors, age and gender were input as independent variables and analysed. For statistical analysis, IBM SPSS Statistics version 25 was used, and the significance level was set at 5%.
reSultS
Overall medical cost analysis of patients with hF
The mean age of the low-cost group was 67.2±6.7, which was similar to that of the high-cost group (66.8±6.9 years old; p=0.036). There were more male subjects in the low-cost group (n=2792; 61%) than the high-cost group (n=1292; 65%; p<0.001). Pareto analysis showed that 80% of all medical costs were incurred by 30% of the total HF patients. Annual outpatient expenditure was 1 872 911 230 yen (32.8%) in the low-cost group and 3 843 802 000 yen (67.2%) in the high-cost group. Annual hospitalisation cost was 332 751 660 yen (6.3%) in the low-cost group, whereas it was 4 985 365 300 yen (93.7%) in the high-cost group.
The median annual hospitalisation cost per capita was 350 350 yen (IQR=1 77 650-6 08 470) in the low-cost group, and 2 115 750 yen (IQR=1 215 560-3 765 070) in the high-cost group (p<0.001).
Similarly, the number of median annual days of hospitalisation per capita was significantly higher (p<0.001) in the high-cost group (29 days (IQR=13-63)) than in the low-cost group (6 days (IQR=3-13)).
Median annual outpatient cost per capita was 351 030 yen (IQR=2 23 820-5 33 280) in the low-cost group and 953 020 yen (IQR=4 60 630-3,091,660) in the high-cost group (p<0.001). Median annual days of outpatient visits per capita for the low-cost group was estimated at 19 days (IQR=12-32), whereas in the high-cost group it was significantly higher (p<0.001) at 35 days (IQR=20-90).
The results of aggregating the number of hospitalised disease names in the low-cost group and the high-cost group in elderly and young people are as follows.
In the high-cost group, regardless of age, the top three diseases were cardiovascular disease, neoplasm, and urogenital disease. In the low-cost group, cardiovascular disease was the most common disease suffered by both age groups. In the younger age group of the low-cost group, subjects also suffered from endocrine, nutritional, and metabolic diseases (second-highest) and digestive system diseases (third-highest), while the older age group of the low-cost group suffered from digestive system diseases (second-highest) and neoplasms (third-highest). figure 2 shows the annual total medical costs by medical service for the low-cost and high-cost groups. The most significant part of the medical costs by medical service was surgery fees (595 872 810 yen) for the high-cost group and examination fees (340 529 360 yen) for the low-cost group. Although the proportion of emergency/intensive care fees in the high-cost group as a whole is not high, this group accounted for 90.3% of the total number of patients who underwent emergency care. Table 1 shows the specific health parameters and clinical biomarkers after excluding items that had high defect rates and could not be analysed. The specified medical examination rate of National Health Insurance beneficiaries of Hiroshima City was 15.9%. The specific medical examination rate of all HF patients, who are the subjects of this study, was 9.7%. We noted differences in the clinical biomarkers of the high-cost and low-cost groups, with γ-GTP and Cr significantly higher in the high-cost group and haematocrit (Ht), Hb, and red blood cells (RBC) substantially lower in the low-cost group (table 1) . Table 2 also shows the results of multiple logistic regression analysis of the relationship between clinical biomarkers and HF among high medical cost subjects. After adjusting for confounders, Cr (OR=2.367 (95% CI 1.266 to 4.425), p=0.007), γ-GTP (OR=1.006 (95% CI: 1.002 to 1.010), p=0.003), and history of smoking (OR=6.914 (95% CI 1.475 to 32.411), p=0.014) were significantly associated with high medical costs among patients with HF. Furthermore, to confirm how influential each related factor was, the dispersion ratios of γ-GTP and Cr, excluding smoking, were calculated on the nominal scale. Cr displayed a high degree of influence; γ-GTP showed an F-value of 4.55 (p=0.033) and Cr an Fvalue of 26.53 (p<0.001).
Analysis of specific health parameters and clinical biomarkers
DISCuSSIOn
Pareto analysis of patients with HF aged 40 to 74 years revealed that 30% of these patients incurred 80% of all medical costs. This observation is similar to our recent study carried out in Japan reporting that 80% of total medical costs were channelled to 33% of patients. 8 Assessing factors linked with higher costs in HF patients is important because it indicates interventions needed to reduce costs. Analysis of insurance claim data revealed that total medical costs due to hospitalisation of insured patients with HF were as high as expected. The high-cost group accounted for 93.7% of the total annual medical costs due to hospitalisation, suggesting that hospitalisation leads to high medical costs for beneficiaries. This means in theory that if healthcare professionals can prevent or reduce hospitalisation among HF patients by promoting, for example, outpatient pharmacotherapies, this would result in reduced medical costs for HF patients. As comorbidities in HF patients are common and are linked to higher hospitalisation risk, 7 we analysed the claim data while considering the disease names that led to hospitalisation into consideration. This helped us identify, regardless of the age group, the top three major disease names that led to hospitalisation. Cardiovascular diseases accounted for about 30%, whereas the remaining 70% were non-cardiovascular diseases. This finding is crucial, as it reminds healthcare providers to implement health education based on comorbidities; this has the potential to shorten hospital stay length and reduce the total costs incurred by HF patients.
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Another important finding is that in the low-cost group, medical cost was driven by the examination procedures, whereas in the high-cost group surgery did so. As surgery necessitates hospitalisation, it increases service costs.
Another reason is that the re-hospitalisation rate from exacerbation of HF rapidly increases for patients over 75 years old, and intensive care management is required for acute exacerbations at 40 to 74 years of age. It is thus conceivable that medical costs are high due to the costs of surgery. This is in line with a previous report that medical costs related to intensive care for HF treatment are the most expensive. 9 Based on these observations, we analysed details of surgical procedures which are considered causes of high medical costs. In the high-cost group, the number of cardiac/vascular surgeries was the highest at 680 (54%). Furthermore, among the causes of cardiac and vascular surgery, the most common cause was arterial disease, followed by ischaemic heart disease; these top two diseases accounted for 64% of all major causes. Arteriosclerosis significantly contributes to the onset of these vascular diseases 10 and can be prevented by management of risk factors. 11 In particular, ischaemic heart disease, accounting for 30% of the total number of surgical cases, is a significant disease that causes HF. 12 If these can be screened for, primary or secondary prevention would be possible. In turn, this would also lead to the optimisation of medical costs for patients.
Analysis of specific health examination results showed that γ-GTP and Cr were significantly higher in the highcost group, and Hb was lower in this group. Heart, kidneys, and anaemia are closely related, 13 and chronic kidney disease (CKD) is a predictor of severe HF. 14 In addition, the coexistence of CKD increases the incidence of cardiac insufficiency and increases medical costs. 15 Therefore, in HF patients, screening for those with CKD and lower Hb is considered of high importance. Since the present study was a cross-sectional analysis at a single time-point, the order of disease onset is not clear, but it is clear that HF is one cause of congestive hepatopathy. Liver dysfunction involving γ-GTP is related to increased cardiovascular events and mortality rates, making this an important index 16 ; we consider this to have been extracted as a characteristic of patients with severe HF who have high medical costs and were subjects of this analysis.
Furthermore, multiple logistic regression analysis was performed to extract HF patient factors associated with high medical costs. Smoking has the highest OR and is a risk factor of HF, 17 suggesting that guidance on how patients can quit smoking should be considered an intervention measure.
HF is reported to impose an economic burden, its prognosis is poor, 18 and it is detrimental to quality of life (QOL). 19 Because metabolic syndrome increases the risk of developing ischaemic heart disease, which causes HF and contributes to its mortality rate, 20 screening at an early stage is indicated. However, as this study found a limit to screening for HF early in a specific health examination that does not include HF biomarkers, it is evident that an opportunity to provide health guidance is being missed. BNP, NT-proBNP (heart-failure biomarkers), and Cr are not routinely included in current medical check-up items. Therefore, it would be advantageous to improve medical check-ups through such means as including Cr checks to help screen for HF patients who must pay high medical costs. More broadly, we need to establish a system that would increase the percentage of HF patients receiving health check-ups. In addition, we can better meet the important public health goal of screening for HF at an early stage by adding biomarkers to the items of the current specific medical examination list, 21 22 and through appropriate treatment, severe illness can be prevented. 23 In future, we need a system which takes into account these characteristics and problems to help optimise medical costs for patients with HF.
limitations In this study, HF was manually defined through a combination of patients' medical histories in order to increase the reliability of an HF diagnosis based on the name of the disease found in health insurance claim data. Although this should have led to a higher accuracy of HF cases in designating HF cases than by merely obtaining the name of the disease from records, this does not necessarily mean that all cases received a definitive diagnosis of HF. Moreover, as the subjects in this study were aged 40 to 74 years, the target age for detailed health examinations, this study does not reflect the medical costs or medical examination results of those under 40 or over 75 years. Despite the obligation of Japanese medical insurers, the percentage of National Health Insurance beneficiaries who undergo health examinations is currently as low as 15.9%. Furthermore, the percentage of HF patients who receive medical examinations is as low as 9.7%, and therefore one limitation of our study is its low generalisability from these specific health examination data.
COnCluSIOn
In this study, we analysed specific health examination results and national health insurance claim data to describe characteristics of HF patients. Regarding high medical costs, we revealed that cardiovascular surgery fees were significantly higher, yet 64% of which included preventable diseases. HF patients who incurred high medical costs were associated with high levels of γ-GTP and Cr, and history of smoking assignificant related factors. These results can thus serve as a reference forscreening persons at high risk of HF and guide to prevent the exacerbation of HF.
